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PREPARATION AND PROPERTIES Ol-"Cl:Xl’Z”"'S’”’]6

Characteristics of the grayish to white solid fluorocarbon which has the
appropriate stoichiometry CIFI with wide homogeneity ranges have been
established and studied as indicated in the recently published review
article. The Ph.D. thesis of Dr. Peter Kamarchik]6 and the publications
resulting therefrom present studies of the thermal stability of CFX which

show, interestingly, that CFX is quite stable in a fluorine atmosphere
even at temperatures as high as 800C. In oxygen or nitrogen atmospheres
or in vacuum the decomposition rate becomes appreciable at about 500C and
the material can be more than 10% decomposed by exposure to temperatures
over 600C for a few hours.9

In terms of the chemistry of decomposition, it has been found that
CZFA is the major gaseous decomposition product. In a high temperature
environment CZFA undergoes disproportionation to carbon and CFh' Further,
since CF2 groups are probably the migrating entities, the interaction between
CF2 and CFl0 to produce C2F6 or other higher perfluorocarbon accounts for the
small amounts of polycarbon species detected in the gases when studied by
matrix isolation and mass spectrometry.9’”’16

The structure of solid CFx has been studied by x-ray techniques and there
is general agreement about the unit cell dimensions. Unfortunately, the
single crystal data are sparse and an unequivocal structure has not yet been
derived. A very recent paper which is in press from Watanabe and associates
suggests that there may be still another solid fluorocarbon, CZF, and this
could further complicate interpretation of the C-F phase diagram. Preparations

of CFX samples of various stoichiometries for further study are continuing.
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2. ECONOMICAL PREPARATION OF CFX

The current production of CFX is based on the use of elemental fluorine
and therefore has an intrinsically high cost because all of the electro-
chemical methods for preparing fluorine run at least $2 per pound for the

element itself. A preferred synthesis from an economic viewpoint would be

as follows:
1) Cd + 2HF - Csz + H2
2) CdFZ + 2C » 2CF + Cd

3) Recycle Cd to get CdF,_, etc.

2
The advantages of this proposed synthesis are (1) that relatively cheaper

HF which can be prepared directly from fluorite ores would be used and (2)
that a metal like zinc or cadmium which one would recycle on a continuous
basis would be used as the transporting material to carry fluorine to the
carbon for potential reactions.

In addition to-the proposed reaction cycle there are several others
which one can write but available thermodynamic data are inconclusive
enough, especially at elevated temperatures, to allow one to make a clear
cut decision.

If CFX could be made cheaply, at prices of 50¢-$1 per pound then this
material would be more attractive than molybdenum disulfide for many uses.
Current price of molybdenum disulfide is ~$2 per pound. Efforts to accomplish
these reactions in transpiration experiments and through high pressure experi-

ments are currently underway in the laboratory.
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3. HIGH PRESSURE STUDIES OF CFX

Various possibilities for preparation of CFX and transition metal
fluorides by using HgF2 as a fluorinating agent under high pressures were
explored. These were, unfortunately, unsuccessful but further studies
are in progress. A high pressure fluorinating technique could be extremely
attractive for lowering the cost of CFX production since it could be done
at relatively low temperatures with efficient use of the available fluorine.

At high pressures, CFX samples become more crystalline and yield excel-
lent powder diffraction patterns from which a unit cell and other structural
information have been derived.h Unfortunately, no solvent for CFX is
currently known and large single crystals have not been prepared. There are
still some unresolved questions about the fluorine positions and the layer-

layer interaction parameters.




L. REACTIONS OF FLUORINE WITH ORGANIC COMPOUNDS

The general conditions for preparing reliable and reproducible fluoro-
carbon coatings on natural rubber, polyethylene, polypropylene, etc. have

been established in detail previously.?’'7+18

The absence of oxygen is
essential for getting a really slippery teflon-like coating. Time of
exposure to an NZ/FZ mixture and the exact temperature of exposure also
are critical. The optimization of the parameters for such treatments is
currently being attempted.

17

The fluorination of polyvinyl chloride has been extensively studied
by ESCA and other techniques to learn how fluorine attacks the polymer. All
hydrogens can be replaced by extended fluorination at elevated temperatures
but the chlorines remain. |In other words, one can convert PVC to Kel-F by
direct fluorination.

Differential scanning calorimetry has been used to study the decomposition/
oxidation of polyethylene or polypropylene samples with different fluorocarbon
coatings applied by direct reaction with Fz.18 In the case of polypropylene,
the maximum temperature of oxidation resistance is clevated by almost 100C.

In addition to thermal stability, the application of a fluorocarbon coating
by this technique creates a barrier to vapor diffusion through thin films.

Finally, the freshly prepared fluorocarbon surfaces have been shown to be
especially inert toward recombinations5 and when the inside of a vessel has
a fluorocarbon coating prepared by the techniques developed here, the su;face

recombination reates of halogen atoms or OH-molecules are reduced by ~10 .

A review paper summarizing the current knowledge of direct fluorination

techniques applied to organic compounds is in preparation.20




5. FLUORINATION OF NITRIDES

There have been several reports in the literature regarding the existence
of a new family of high temperature refractory material, the nitrifluorides.
Thus far, these ternary compounds have been reported for transition metals
from Group 4 of the Periodic Table -- Ti, Zr, Hf, Th, and U, and some rare
earth metals. Because these may not be the most stable nitrifluorides and
therefore, perhaps not the most useful, we have begun initial studies on the

reaction of fluorine with LaN, AIN, Mg , and other metal nitrides. There

32
would appear to be two possibilities for obtaining a refractory material

which might be stable in the presence of fluorine at high temperatures by

this technique. (a) a protective film of the refractory binary fluoride

could be formed and (b) an even more stable refractory nitrifluoride species
involving the +3 metal ions, -3 nitride ions and -1 fluoride ions in some
modification of the M203-structure or some related structural geometry.

Initial studies of LaN + F2 have been carried out and a grayish material which
contains both nitrogen and fluorine has been obtained. |Its detailed properties
are under examination. Structures, thermal stability, the nature of gaseous
species formed on decomposition and resistance to fluorine and other oxidizing

atmospheres at high temperatures will be determined for various metal nitri-

fluorides, including some of those previously synthesized -- ZrNF, TiNF, etc.




6. HYDROLYSIS OF FLUORIDES

According to the literature, transition metal oxyfluorides can be
prepared by careful hydrolysis of fluorides and most of the rare earth
oxyfluorides have been characterized structurally by x-ray diffraction
techniques. Little is known about the thermal stability of such materials
and there is at least one oxyfluoride which will appear to be potentially
important as a refractory container and a protective surface which has not
been prepared. This latter compound, AIOF, should have the high thermal
stability of aluminum oxide and an enhanced resistance to fluorine imparted
by the fluoride coating. Efforts to hydrolyze aluminum fluoride, like the
hydrolysis of other fluorides, seem unlikely to yield A10F because of the
great tendency to hydrolyze all the way to oxide and evolve the very stable
gaseous HF molecules. A variety of alternate approaches to this problem
are under consideration. For example, as an alternative to hydrolysis, it
is sometimes easier to fluorinate the oxychloride and A10CI can be prepared

in good yield by literature techniques.




7. REACTIONS IN FLUORINE MATRICES AT LOW 'I'EMPERATUREZ«'B’‘0’‘2'”.'15'19

While one often regards the matrix isolation technique as a procedure
for isolating reactant A from reactant B with an inert third material C,
it is also possible to use a reactive matrix and let the process proceed
on a reasonably macroscopic scale. Reactions of elemental fluorine, where
fluorine is the matrix material are of current interest. At very low
temperatures, F2 is inert and in fact very similar to an Ne-matrix, i.e., a ma-
trix of pure fluorine is a very nonperturbing environment for most molecules.
The low polarizability of fluorine and the high electronegativity mean that
fluorine atoms and molecules tend to hold their electrons very tightly and
do not distort the surrounding species. Many molecular species show infrared
absorption spectra in a fluorine matrix which are within a few wavenumbers
of the same frequencies as found for the gaseous molecules under essentially
ideal gas conditions. This minimal perturbation of vibrational frequencies
by elemental fluorine can be useful and allows one to deduce vibrational
irequency values which are very near to the gas phase values but from a some-
what more convenient and controllable matrix environment.

Since the reactivity of the fluorine matrix does increase with increasing
temperature and also under the influence of ultraviolet or other radiation,
it is clear that one can conveniently carry out the preparation of various
fluorides, like those of xenon, etc.; reactions like the fluorination of water
to form HOF; the fluorination of chlorides or oxychlorides to form the cor-
responding fluorides; etc. Studies of various reactions like these are in

progress.

One can co-condense molecules like methane, ethane, ethylene, etc. with

3 & : 8
elemental fluorine without reactions. These mixtures are, of course, potentially

reactive and the reaction may be initiated either by uv photolysis which produces

fluorine atoms and immediately thereafter very rapid reactions or by infrared
photolysis which apparently leads to excited state species and slow but very
definite reactions. We have made extensive studies of the reaction of ethylene
and fluorine, and studies of substituted ethylenes reacting with fluorine

are planned. From this work, supplemented with studies of the acetylene plus
fluorine reaction and the benzene plus fluorine reaction, both with and without
photolytic excitation, we hope to elucidate more clearly the fundamental steps

in fluorination of multiple bonds in organic molecules. Several theses and
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papers regarding this work have been pre<>'ent:ed7’8''0’]2'”'"5"9 and other

‘ A manuscripts are in preparation.
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8. NEW METHODS FOR PREPARATION OF ELEMENTAL FLUORINE
WITHOUT ELECTROLYSIS

The direct production of elemental fluorine is usually accomplished
through electrochemical means and there are no ordinary oxidizing agents
which will oxidize the fluoride ion to fluorine gas. There are, however,
a few unstable salts which contain fluorine and which can be thermally
decomposed to produce elemental fluorine and a salt of the carrier element
in a lower oxidation stage. For example,

CoF, (solid) heat_, Cof, (solid) + 1/2 F, (gas)

AgF, (solid) BBBES KgF (solid) » 112 F, (gas)

Also, the extremely high electron affinities of Pth, UF6, etc. make reactions ;
like i

(", F7) (selid) + UF, (gas) — (M*,uré') (sotid) + 1/2 F, (gas)

thermodynamically feasible. Both types of reactions are unattractive because

one needs to use elemental fluorine to get starting materials like CoF3, Ang

or UF6. The UF6 reaction is also not reversible.

Various inorganic fluoride systems which could be used in fluorine
production cycles are being evaluated in terms of thermodynamics and kinetics.
The disadvantages of most of the known materials which can be decomposed to
produce fluorine are (1) a fairly high temperature is required (2) the salt
is hygroscopic, sensitive to water or oxidation, or otherwise difficult to
handle (3) the yield of fluorine per gram of material carried is rather low
so that there is a wasted effort in transporting materials which do not in
fact lead to production of elementary fluorine. The ideal kind of material
would be stable at room temperature but when exposed to the proper degree of
heat or light, would provide fluorine and leave a residue of minimum weight
and fét a residue which could also be recycled for continuous processing and

transport of fluorine.




9. THE CHEMISTRY OF SiF,,6’|2’13

The characterization of Sin, the long-lived inorganic carbene, is a
subject of continuing interest, both in terms of unique synthetic applications
of SiF2 and in terms of eiectronic properties (singtet or triplet) and the
reactions of the reactive unit -~ either monomer or dimer -- with electrons
paired or unpaired. The radical ion Sin_ has been prepared, and detected
by ESR and compounds |ike LiSiF2 have been prepared in matrices by the
reaction of Li + Sin. A summary of evidence from SiFZ-chemistry relating

to the possibility of >Si=Si< bonds has been published. Also, a review

article has been prepared.
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